Background-This report presents 13 years of experience with vasodilator therapy for primary pulmonary hypertension (PPH) in children. Two eras were involved: between 1982 and 1987, oral calcium channel blockers were the only agents available for long-term therapy; after 1987, prostacyclin (PGI 2 ) has been available for long-term intravenous use. Methods and Results-Seventy-four children underwent short-term vasodilator testing with intravenous PGI 2 . Those who manifested pulmonary vasodilation ("acute responders") were treated with oral calcium channel blockers. Until 1987, "acute nonresponders" were treated in the same way as long as they had no serious side effects. When PGI 2 became available for long-term administration, all nonresponders, as well as those who failed to improve clinically and hemodynamically on calcium channel blockers, were treated with long-term PGI 2 . In the 31 responders, calcium channel blockers improved survival compared with the 43 nonresponders (Pϭ0.0002). Survival was also better in 24 PGI 2 -treated nonresponders compared with 22 nonresponders for whom PGI 2 was unavailable (Pϭ0.0005) as well as in all children who failed conventional therapy (nϭ31; Pϭ0.002). Conclusions-Long-term vasodilator therapy improves survival in children with PPH. In acute responders, oral calcium channel blockers generally suffice. In both nonresponders to short-term testing and responders who fail to improve on calcium channel blockers, continuous intravenous infusion of PGI 2 improves survival. (Circulation. 1999;99:1197-1208.)
D
uring the past 15 years, pulmonary vasodilator therapy has greatly improved the prognosis for adults with primary pulmonary hypertension (PPH). [1] [2] [3] [4] However, extrapolations from adults to children is not straightforward, for 3 reasons: (1) the anticipated life span of children is longer; (2) children may have a more reactive pulmonary circulation, raising the prospect of greater vasodilator responsiveness and better therapeutic outcomes 5 ; and (3) despite clinical and pathological studies suggesting increased vasoreactivity in children, before the advent of long-term vasodilator therapy, the mean survival time was Յ1 year in children, whereas it averaged 2 to 3 years in adults. 6, 7 This report reviews our 13-year experience with vasodilator therapy in children with PPH in whom the diagnosis was made between 1982 and 1995. The experience falls into 2 time periods: (1) in 1982, oral calcium channel blockers were the only agents available for long-term therapy; and (2) in 1987, when prostacyclin (PGI 2 ) became available for longterm administration, therapy was directed in accord with the results of short-term PGI 2 testing for responsiveness: those who manifested short-term pulmonary vasodilation ("acute responders") were managed as long as possible on calcium channel blockers taken orally; those who did not ("acute nonresponders") were treated with long-term PGI 2 administered intravenously. Two aspects of this experimental design warrant special mention: (1) once calcium channel blockers were started, they were continued, even after PGI 2 was begun, unless side effects precluded their use; and (2) in some children who were originally responders but subsequently deteriorated clinically and hemodynamically on long-term calcium channel blockers, long-term PGI 2 was added.
Methods

Subjects
Between 1982 and 1995, PPH was diagnosed in 77 children Ͻ16 years old at Columbia-Presbyterian Medical Center according to the criteria of the PPH NIH Registry. 8 Baseline characteristics are shown in Table 1 . Patients ranged in age from 7 months to 13 years (7Ϯ4 years). Nine children were Ͻ1 year old at the time of diagnosis. Children with congenital heart disease other than a patent foramen ovale were excluded. Twelve children were reported previously: 6 in reports of clinical trials evaluating long-term PGI 2 3,4 and 6 in a report to assess the value of short-term vasodilator testing. 9 Informed consent was obtained for each child. Both studies, ie, short-term PGI2 testing and long-term PGI 2 therapy, were approved by the Institutional Review Board.
Short-Term Vasodilator Testing
After premedication with meperidine HCl (Demerol), promethazine HCl (Phenergan), and chlorpromazine HCl (Thorazine), right-heart catheterization was performed on room air under local anesthesia in all patients by standard techniques. PGI 2 was used for short-term testing in 74 patients; 3 children were too sick to be tested. On the basis of the response to short-term testing, responders and nonresponders were identified. Responders to short-term testing satisfied all 3 of the following criteria: (1) Ն20% decrease in mean pulmonary artery pressure, (2) no change or an increase in cardiac index, and (3) no change or a decrease in the ratio of pulmonary vascular resistance to systemic vascular resistance. 9 Arterial blood gas parameters were measured at baseline and during short-term testing. The arterial pH and PaCO 2 were within normal range (7.41Ϯ0.5; range, 7.32 to 7.48; and 34Ϯ6 mm Hg; range, 23 to 48 mm Hg) throughout the studies.
Long-Term Vasodilator Therapy
Conventional Therapy
Conventional therapy included digitalis, diuretics, and supplemental oxygen as needed. In 1990, warfarin was added in all patients after studies in adults showed improved survival. 1, 10 Before PGI 2 became available for long-term use, all patients, ie, acute responders and nonresponders, received conventional therapy, including calcium channel blockers unless adverse effects precluded their use. The daily maintenance dose was based on the hemodynamic response to sublingual nifedipine testing after PGI 2 testing. 9 Untoward effects that precluded the use of calcium channel blockers included right heart failure during short-term testing or intolerable symptoms, such as nausea, vomiting, dizziness, or headaches, during long-term administration.
Long-Term PGI 2 Plus Conventional Therapy
PGI 2 was administered intravenously in children who failed to improve clinically and hemodynamically on conventional therapy. Calcium channel blockers were included as long as there were no adverse effects. For the infusion of PGI 2 , a catheter was introduced into a jugular or subclavian vein as described previously 3, 4 ; PGI 2 was delivered continuously via a portable pump. The initial dose ranged from 2 to 10 ng ⅐ kg Ϫ1 ⅐ min Ϫ1 (4Ϯ2 ng ⅐ kg Ϫ1 ⅐ min Ϫ1 ) and was increased to maintain an optimal therapeutic dose: at 1 year, the dose averaged 78Ϯ38 ng ⅐ kg Ϫ1 ⅐ min Ϫ1 (nϭ28); at 2 years, 116Ϯ48 ng ⅐ kg Ϫ1 ⅐ min Ϫ1 (nϭ17); and at 3 years, 122Ϯ36 ng ⅐ kg Ϫ1 ⅐ min Ϫ1 (nϭ8). Cardiac catheterizations were performed yearly, and more frequently if the clinical state deteriorated. PGI 2 infusion was continued until either transplantation or death.
Patient Groups
In Table 2 , the 77 children are categorized into acute responders and nonresponders. In Table 3 , the 77 children are divided into 3 groups according to therapeutic interventions and physician recommendations.
Group 1: Long-Term PGI 2 Plus Conventional Therapy After Failure of Conventional Therapy
Thirty-one children were started on long-term PGI 2 after failing to manifest clinical and hemodynamic improvement on conventional therapy. In addition to lack of hemodynamic improvement on conventional therapy, hemodynamic deterioration occurred, ie, from diagnosis and start of conventional therapy to starting PGI 2 : mean pulmonary artery pressure increased (69Ϯ24 to 76Ϯ24 mm Hg; nϭ31; PϽ0.02) and pulmonary vascular resistance increased (22Ϯ13 to 27Ϯ14 U ⅐ m 2 ; nϭ31; PϽ0.002). Twenty-four were acute nonresponders, 6 were acute responders who remained in NYHA functional class III/IV despite conventional therapy (including calcium channel blockers), and 1 who was in NYHA functional class IV was started on long-term PGI 2 without short-term testing because she was too sick for testing.
Calcium channel blockers were not used consistently. The indications and contraindications for long-term calcium channel blockers ¶PϽ0.08 vs baseline (changes between acute responders and nonresponders during short-term PGI 2 testing; ie, changes not as pronounced with nonresponders as with responders).
are described under Methods. Ten children continued on calcium channel blockers because the agent seemed to be well tolerated: 6 responders and 4 responders who had subsequently lost responsiveness to short-term PGI 2 testing; 2 of these 4 subsequently stopped calcium channel blockers because of side effects.
Group 2: Conventional Therapy (PGI 2 Indicated but Either Unavailable or Declined)
Twenty-eight patients who satisfied the criteria (as in group 1) for long-term PGI 2 were treated with conventional therapy alone for 1 of 2 reasons: (1) PGI 2 unavailable for long-term therapy (21 patients) and (2) parental refusal (7 patients). Twenty-two patients were acute nonresponders; 5 were responders who remained in NYHA functional class III/IV despite conventional therapy, including calcium channel blockers; and 1 who was empirically started on calcium channel blockers before short-term testing remained in NYHA III despite conventional therapy. Only 8 of the 28 children (group 2) could be treated with calcium channel blockers because of side effects in the others (as described under Methods): 5 were acute responders and 3 nonresponders. One nonresponder subsequently discontinued calcium channel blockade because of side effects.
Group 3: Conventional Therapy: PGI 2 Not Indicated
The remaining 18 children were treated with conventional therapy alone that included calcium channel blockers. Sixteen were acute responders and 2 were nonresponders. All improved clinically and hemodynamically, including the 2 nonresponders, thereby obviating the need for long-term PGI 2 . Although the 2 nonresponders failed to satisfy the composite criteria for acute responsiveness, they did manifest decreases in mean pulmonary artery pressure of 10% and 14%, respectively, during short-term PGI 2 testing. 9
Statistical Methods
Data are presented as meanϮSD. The following comparisons were made: (1) survival of acute responders (nϭ31) versus nonresponders (nϭ43) on conventional therapy; (2) survival of all patients treated with long-term PGI 2 (group 1; CT indicates conventional therapy. Other abbreviations as in Table 1 . Short-term vasodilator testing: For group 1, 6 acute responders failed to improve clinically and hemodynamically on CT including calcium channel blockers, and 1 patient was too sick to undergo short-term vasodilator testing at the start of long-term PGI 2 administration; for group 2, 1 child was started on calcium channel blockers before diagnostic catheterization and short-term testing; for group 3, although 2 children were nonresponders according to the criteria (see Methods and Reference 9), PAPm decreased 10% and 14%, respectively, in these 2 patients during short-term testing (with the other criteria fulfilled).
Oral vasodilators: For group 1, n (%) of patients on oral vasodilators, eg, calcium channel blockers, at the start of long-term PGI 2 administration; for groups 2 and 3, n (%) of patients who were treated with oral vasodilators, eg, calcium channel blockers, with initiation of CT after diagnosis.
Baseline parameters before start of long-term PGI 2 plus CT (group 1) or CT (groups 2 and 3 survival patterns. Multivariable analyses used proportional hazards regression. In analysis of survival, 2 censoring events were used:
(1) transplantation, ie, patients were included in survival data until the time of transplantation; thereafter, patients who received transplants were omitted from survival analyses as though they were lost to follow-up; and (2) the start of PGI 2 for patients treated with long-term PGI 2 . Hemodynamic comparisons were based on ANOVA and t tests; a value of PϽ0.05 was considered statistically significant.
Results
Short-Term Vasodilator Testing
Among the baseline characteristics (Table 1) , age, pulmonary artery pressure, and pulmonary vascular resistance were associated with an acute response. The younger the child at the time of testing, the greater the likelihood of an acute response ( Figure 1 ); a linear trend was significant (PϽ0.005). Pulmonary artery pressure and pulmonary vascular resistance were also lower in the responders (Table 2 ; PϽ0.005), suggesting the possibility of a predictive model for acute responsiveness based on multiple logistic regression. When the variables were considered simultaneously and account was taken of the potential for nonlinear associations, the model was found to have significant predictive value (concordance index value of 0.885). The quadratic functions of age, pulmonary artery pressure, and right atrial pressure were the major predictors of acute vasoreactivity (Appendix 1).
Conventional Therapy Alone (No PGI 2 )
All 31 acute responders improved clinically on calcium channel blockers. Sixteen continued to improve clinically during longterm follow-up on conventional therapy (15 to 144 months; 63Ϯ43 months; median, 47 months). Hemodynamic studies were repeated in 14 of these 16 responders (group 3, Table 3 ; Table 4 ). At the time of last follow-up catheterization (24 to 166 months after start of long-term calcium channel blockers; median, 47 months), mean pulmonary artery pressure had decreased 44% (52 to 31 mm Hg; PϽ0.01), and pulmonary vascular resistance had decreased 50% (13 to 6 U ⅐ m 2 ; PϽ0.0001; Table 4 ). Repeat short-term PGI 2 testing (while the patients continued on calcium channel blockers) demonstrated that all 14 remained acute responders during testing. Although the acute responsiveness suggested that long-term PGI 2 plus conventional therapy including calcium channel blockers might offer additional hemodynamic advantage to these children, risk-benefit considerations (including complications from the PGI 2 delivery system) prompted us to continue conventional therapy alone in acute responders who improved clinically to NYHA class I to II as well as improving hemodynamically.
Fifteen of the 31 acute responders deteriorated clinically and hemodynamically on calcium channel blockers after 2 to 126 months (47Ϯ44 months; median, 33 months). Ten were subsequently started on long-term PGI 2 ; the other 5 were not started on long-term PGI 2 either because PGI 2 was unavailable (3 patients) or because of parental refusal (2 children).
In contrast to the 31 responders, only 2 of the 43 nonresponders (Table 2) improved on conventional therapy including calcium channel blockers. Although these 2 children (in group 3, Table 3 ) had manifested modest responsiveness during short-term testing, both had failed to satisfy the full criteria. 9 Because of untoward effects during short-term testing, only 7 of the other nonresponders (groups 1 and 2, Table 3 ) were started on long-term calcium channel blockers, and 3 subsequently stopped the calcium channel blockers because of intolerable side effects.
On conventional therapy, survival was significantly better for acute responders than for nonresponders (Table 2; Figure  2 ; log-rank Pϭ0.0002): the 1-, 3-, and 5-year survival rates for the 31 responders (all treated with calcium channel blockers) were 97%, 97%, and 97%, respectively, compared with 66%, 52%, and 35%, respectively, for the 43 nonresponders (only 6 treated with calcium channel blockers).
Patients Treated With Long-Term PGI 2 Plus Conventional Therapy
All 31 children treated with long-term PGI 2 improved (group 1, Table 3 ). According to the NYHA functional criteria, functional capacity improved: 3.30Ϯ0.54 before PGI 2 to 1.96Ϯ0.71 at the time of last follow-up catheterization (3 to 46 months after PGI 2 was started; 21Ϯ11 months; nϭ27; PϽ0.0001). Twenty-seven of the 31 patients on long-term PGI 2 had Ն1 follow-up catheterization. Because of their considerable variability, the hemodynamic data obtained during the short-term and long-term administration of PGI 2 are shown for all patients in Appendix 2. As seen in Table 5 , which summarizes these data, mean pulmonary artery pressure decreased 33% (76 to 51 mm Hg (PϽ0.0001), cardiac index increased 42%
; PϽ0.0001), and pulmonary vascular resistance decreased 59% (27 to 11 U ⅐ m 2 ; PϽ0.0001). Table 5 also illustrates that lack of an acute response to PGI 2 did not preclude significant hemodynamic improvement on long-term PGI 2 . This improvement of acute nonresponders on long-term PGI 2 contrasts with the failure of long-term calcium channel blockers to elicit hemodynamic improvement in acute nonresponders. 1 Moreover, calcium channel blockers in nonresponders can be hazardous or even fatal.
Twenty-four of the 31 children who were started on long-term PGI 2 continue to receive PGI 2 (follow-up, 10 to 56 months; 26Ϯ14 months). All 24 remain clinically improved: 22 underwent repeat catheterization, which demonstrated significant hemodynamic improvement in 21 and no change in 1 patient. The clinical and hemodynamic improvement in 11 of the 14 who had been listed for transplantation resulted in their being taken off the transplant list. Six patients (Appendix 2; patients 1, 4, 9, 10, 16, and 17) underwent transplantation after 10 to 43 months on PGI 2 (24Ϯ12 months). The decision to proceed to transplantation in these 6 children was based on persistence of symptoms, lack of hemodynamic improvement, and the preference of the patients and their families. All 6 patients are alive, 1 after undergoing repeat transplantation. One patient died (Appendix 2; patient 6).
The 31 children treated with long-term PGI 2 plus conventional therapy (group 1; Table 3 ) survived longer than the 28 children on conventional therapy (group 2; Table 3 ) for whom either long-term PGI 2 was unavailable (nϭ21) or whose parents refused (nϭ7). Thirty of the 31 patients in group 1 are alive after a mean follow-up of 26 months on long-term PGI 2 (range, 10 to 56 months). One death occurred after 22 months on PGI 2 as a result of severe hemorrhage during central venous line replacement. In contrast to the improved survival in group 1, only 5 of the 28 children in group 2 are alive after a mean follow-up of 44 months (range, 10 to 81 months). On average, death in this group occurred 27 months after entry into this study (range, 0.2 to 126 months): 14 children (61%) died of right heart failure and 9 (39%) died suddenly (complications of respiratory tract infections in 6, hemoptysis in 2, and during a platelet transfusion precipitating a presumed pulmonary hypertensive crisis in 1).
Survival rates on PGI 2 (nϭ31; group 1; Table 3 ) were 100% at 1 year and 94% at 2, 3, and 4 years compared with 50% at 1 year, 43% at 2 years, and 38% at 3 and 4 years for the children in group 2 (nϭ28; Table 3 ) treated with conventional therapy Figure 2 . Kaplan-Meier survival curves comparing survival on conventional therapy in responders versus nonresponders: 1-, 3-, and 5-year survival probabilities for 31 responders were 97%, 97%, and 97%, respectively, compared with 66%, 52%, and 35%, respectively, for 43 nonresponders (Pϭ0.0002). alone (Figure 3 ; Pϭ0.002). The only significant difference between the 2 groups (groups 1 and 2; Table 3 ) was a lower cardiac index in group 2 (Pϭ0.01). In Figure 4 , survival for all nonresponders to short-term testing is shown. Survival was significantly better for the 24 nonresponders treated with longterm PGI 2 (group 1, Table 3 ) than for the 22 nonresponders for whom long-term PGI 2 was unavailable (group 2; Table 3 ): survival rates for the PGI 2 group at 1, 2, 3, and 4 years were 100%, 100%, 92%, and 92%, respectively, versus 45%, 34%, 29%, and 29%, respectively, for the conventional therapy alone group (Pϭ0.0005). In contrast to the comparison above, in which the cardiac index was higher in group 1 than in group 2 (Table 3) , there were no significant differences between these 2 groups of nonresponders. Because our 13-year experience spanned 2 treatment eras, we added to our model (as a covariate) the year patients entered the study. Time was not associated with survival (Pϭ0.69). In addition, because more children in the PGI 2 group (group 1) were treated with warfarin sodium than in the conventional therapy group (group 2), the comparison was repeated adjusting for warfarin sodium. After warfarin sodium was controlled for as a time-dependent covariate (along with hemodynamic variables, age, sex, and response to short-term testing), survival on PGI 2 (group 1; Table 3 ) remained significantly better than on conventional therapy (group 2; Table 3 ; Pϭ0.002).
Complications of Long-Term PGI 2 Therapy
The 1 death on PGI 2 has been noted above. Complications attributable to the use of PGI 2 were frequent and, as previously reported, included jaw pain, diarrhea, flushing, headache, nausea and vomiting, foot and leg pain, and tolerance. [2] [3] [4] Local irritations or infections at the catheter site were common. More serious complications due to the delivery system included 7 episodes of nonfatal, catheter-related sepsis. Episodes of malfunction of the drug delivery system resulting in temporary interruptions were not uncommon: these included occlusions, perforations, and dislodgments of the catheter and pump malfunction. During temporary interruption of PGI 2 infusion, symptoms such as dyspnea, pallor, fatigue, abdominal pain, and dizziness occurred.
Comparisons With Published Studies in Children and Adults
Studies in adults have related survival to hemodynamic parameters, the use of warfarin, and demographic factors. 1,6,7,10 -12 However, because only 1 child died while on PGI 2 , our study lacked sufficient power to investigate treatment by prognostic variable interactions. Therefore, our primary analysis examined these associations on conventional therapy, ie, by censoring patient data when PGI 2 was started. Table 6 shows the associations between age, sex, response to short-term testing, baseline hemodynamics, use of warfarin (as a time-dependent covariate), and survival while on conventional therapy (patients censored at initiation of PGI 2 and at transplantation).
As previous studies have shown, 6, 7, 12 right atrial pressure, pulmonary artery pressure, and pulmonary vascular resistance were significant parameters of survival. In addition, in the present study, cardiac index, mixed venous saturation, response to short-term vasodilator testing, age, and sex were also individually related to survival. In a multivariable model that included all factors, only age, male sex, acute response, and mixed venous saturation remained significant. Moreover, although long-term anticoagulation has been reported to improve survival in adults, 1,10 the present study was not designed to evaluate the effect of anticoagulation as an independent survival parameter.
Discussion
Until a few years ago, the diagnosis of PPH was almost tantamount to a death sentence. This was particularly true for children. 7, 11, 12 Before the present era of vasodilator therapy, the mean survival for children was Յ1 year. The grimmer outlook for children than for adults was underscored by data in the PPH NIH Registry. 6 In this registry, the median Figure 3 . Kaplan-Meier survival curves comparing survival on long-term PGI 2 with survival of patients for whom PGI 2 was indicated but unavailable: 1,-2-, 3-, and 4-year survival probabilities for PGI 2 group (group 1; Table 3 ; nϭ31) were 100%, 94%, 94%, and 94%, respectively, compared with 50%, 43%, 38%, and 38%, respectively, for patients not treated with PGI 2 (group 2; Table 3 ; nϭ28; Pϭ0.002). Figure 4 . Kaplan-Meier survival curves comparing survival of nonresponders (nϭ24) treated with long-term PGI 2 with survival of nonresponders (nϭ22) for whom PGI 2 was indicated but unavailable: 1-, 2-, 3-, and 4-year survival probabilities for PGI 2 group were 100%, 100%, 92%, and 92%, respectively, compared with 45%, 34%, 29%, and 29%, respectively, for patients not treated with PGI 2 (Pϭ0.0005).
survival for all of the 194 patients was 2.8 years, whereas it was only 10 months for children Ͻ16 years old.
The present study demonstrates that long-term vasodilator therapy using calcium channel blockers in acute responders to vasodilator testing and continuous intravenous infusion of PGI 2 in nonresponders (as well as in responders who fail to improve on calcium channel blockers) is at least as effective in children as in adults with respect to increasing survival, improving hemodynamics, and relieving symptoms. [1] [2] [3] [4] 7, 11, 12 In children 9 as well as in adults, 1 the choice of vasodilator for long-term therapy is determined by short-term testing: those who manifest pulmonary vasodilatation in response to shortterm testing can be treated with calcium channel blockers 1, 9 and nonresponders with long-term PGI 2 . However, in contrast to the published experience in adults, Յ25% of whom are responders, 1 Ͼ40% of children are responders. Accordingly, more children than adults can be successfully treated with calcium channel blockers. Indeed, the acute response in children is age-dependent ( Figure 1 and Table 2 ).
The predictive model (Appendix 1) is not intended to serve as a substitute for short-term testing. However, it may be useful before short-term testing to anticipate the likelihood of an acute response versus nonresponse and therefore the likelihood of the need to start long-term PGI 2 .
In children who fail to improve on conventional therapy, long-term PGI 2 seems to prolong survival more than previously reported in adults. 3, 13 Unfortunately, the present study sheds no light on the mechanisms responsible for the hemodynamic improvement on long-term PGI 2 in patients who fail to respond to short-term PGI 2 testing (Table 5 ). 14 Limitations of our study include the facts that (1) this was an observational study that spanned a 13-year period; during this time, a change occurred in the availability of vasodilators that could be used for long-term treatment from calcium channel blockers as the sole practical vasodilators for longterm use to the availability of PGI 2 for long-term administration; (2) ethical reasons precluded a clinical trial based on withholding vasodilator therapy in a dreaded disease for the sake of having a control group 1, 3, 4, 9 ; and (3) our recommendations for specific treatment regimens were not always acceptable to the families of our young patients.
In conclusion, this study demonstrates improved survival in children with PPH treated long-term with pulmonary vasodilators. In those who were shown by short-term PGI 2 testing to have a responsive pulmonary vascular bed, oral calcium channel blockers generally sufficed. In others, who did not demonstrate reactive vascular beds during short-term PGI 2 testing, long-term PGI 2 relieved symptoms, improved hemodynamics, and prolonged survival. Since the advent of PGI 2 for long-term therapy, we now reserve calcium channel blockers for children who manifest pulmonary vasodilation in response to short-term PGI 2 testing. Nonresponders are started on long-term PGI 2 . In addition, PGI 2 infusion is added to conventional therapy in acute responders in whom hemodynamics fail to improve on longterm calcium channel blockers. In this study, nonresponders were treated with conventional therapy alone only before PGI 2 was available for long-term use (or if parents refused long-term PGI 2 ); furthermore, calcium channel blockers were used in these nonresponders as part of the conventional therapy only if there were no untoward effects with either short-term testing or long-term calcium channel blockers.
Appendix 1 Prediction Model of Response to Short-Term Vasodilator Testing
Multiple logistic regression analysis was used to develop a prediction equation for the likelihood of acute response based on age as well as hemodynamics at initial evaluation. Candidate hemodynamic variables included mean pulmonary artery pressure (PAPm), mean right atrial pressure (RAPm), cardiac index, and mixed venous oxygen saturation. Both linear and nonlinear relationships were considered. The best model included linear and quadratic functions of age, mean pulmonary artery pressure, and mean right atrial pressure. The probability of acute response is obtained using Equation 1 to compute a value for x and then using x in Equation 2 to compute the probability of acute response. For example, a 5-year-old patient with a PAPm of 57 mm Hg and a RAPm of 4 mm Hg has a predicted probability of 0.85 of a positive response to short-term vasodilator drug testing. In contrast, an 8-year-old patient with a PAPm of 72 mm Hg and a RAPm of 5 mm Hg has only an acute response predicted probability of 0.30. (1) xϭ9.3046ϩ0.1566ϫageϪ0.0326ϫage
ϩ0.0014ϫPAPm 2 ϩ0.7919ϫRAPmϪ0.0700ϫRAPm 2 .
(2) Probability of responseϭe x /͑1ϩe x ͒.
Appendix 2
Appendix 2 is presented as Table 7 . 
